We conducted a systematic review of studies employing telehealth interventions which focused on family caregivers' outcomes. The Embase, CINHAL, Cochrane and PubMed databases were searched using combinations of keywords including The initial search produced 4205 articles, of which 65 articles met the inclusion criteria. The articles included 52 experimental studies, 11 evaluation studies, one case study and one secondary analysis. Thirty-three articles focused on family caregivers of adult and older patients, while 32 articles focused on parental caregivers of paediatric patients. The technologies included video, web-based, telephone-based and telemetry/remote monitoring. Six main categories of interventions were delivered via technology: education, consultation (including decision support), psychosocial/cognitive behavioural therapy (including problem solving training), social support, data collection and monitoring, and clinical care delivery. More than 95% of the studies reported significant improvements in the caregivers' outcomes and that caregivers were satisfied and comfortable with telehealth. The review showed that telehealth can positively affect chronic disease care, home and hospice care.
Introduction
In the past decade, the leading causes of death in the world have shifted from acute and infectious disease to chronic and degenerative diseases. The demand for both formal and informal caregivers (family caregivers) is increasing as a result of the increase in ageing population and patients with chronic illness. Family caregivers are the informal or unpaid caregivers who take care of a loved one. They play a key role in the delivery of care and support services to relatives who suffer from a chronic illness or a disabling condition that necessitates ongoing assistance with everyday tasks. 1 In 2009, approximately 66 million adults, or 29% of the US adult population, were family caregivers and provided care to a relative who was ill, disabled or aged. 2 The economic value for family caregivers' unpaid services was $450 billion per year. 3 Family caregivers will become the largest source of longterm care services in the US. 4 While the caregiving role may be a fulfilling one, studies have shown that it can also adversely affect to the caregivers themselves, including affecting their physical and psychological health, or introducing financial, and social challenges. [5] [6] [7] Approximately 17% of caregivers reported that they had increased health problems as a result of their caregiving responsibilities which in turn affected their ability to provide care. 1 Technology can support caregivers and facilitate better coping. Caregivers believe that technology can help them to make caregiving more efficient, effective, safer and less stressful when delivering care to the patients. 8 Although telehealth has been widely utilized for patients with chronic diseases in the past 15 years, most studies have focused on patients' health outcomes as a result of a telehealth intervention. Little attention has been paid to the effect of telehealth interventions on family caregivers or the use of telehealth specifically to support family caregivers and address their needs. The present study aimed to systematically review evidence on the effect of telehealth applications on family caregivers.
Methods
We reviewed studies that described a telehealth-based intervention or application in any stage (design, implementation or evaluation) with a focus on family caregivers' outcomes in all potential settings and life stages, and for any type of clinical condition. Studies were included if they used any telehealth interventions and focused on family caregivers' outcomes. Studies were excluded if they were not published in English, did not involve human subjects or did not employ a telehealth intervention (commentary, expert opinions, study protocol, instrument, technology, framework development articles, review, exploratory, descriptive paper, and secondary analysis of an original study that did not utilize telehealth).
The review was conducted in May 2014 using the Embase, CINHAL, Cochrane and PubMed databases with combinations of keywords including ''telehealth'', ''telemedicine'', ''telecare'', ''telemonitoring'', ''caregiver'' and ''family.'' The initial search found 4205 articles matching the keywords. After eliminating 1646 duplicate articles, 589 studies were excluded either because of non-English publication or lack of human subjects. The articles were screened by a researcher who read either the abstracts or full text, which eliminated another 1905 articles. Articles that were not relevant to telehealth (n ¼ 124), text unavailable (n ¼ 3), did not involve family caregivers (n ¼ 882) or did not apply any telehealth interventions (n ¼ 896) were also excluded. A second researcher reviewed a randomly selected sample of 10% of all the articles by reading their abstracts in order to determine the inter-rater reliability in inclusion/exclusion of studies. There was agreement on all cases.
Information from the included articles was extracted using a standardized form. The extraction process identified from each article: the authors, published year, journal, study country, area and setting, sample and size, study design, objective, type of technology and intervention, and caregiver outcomes.
Each article was also scored for the level of evidence using the Oxford Centre for Evidence-based Medicine framework to evaluate the strength of the findings. 9 This framework scores the quality of evidence on a 10-point scale, with lower scores indicating higher strength of evidence (1a: Meta-analyses; 1b: Individual randomized controlled trials, RCTs; 1c: Non-randomized controlled trials; 2a: Systematic reviews of cohort studies; 2b: Individual cohort studies; 2c: Outcomes Research; 3a: Systematic reviews of case-control studies; 3b: Individual case-control studies; 4: Case-series; 5: Expert opinions without explicit critical appraisal).
Results
A total of 65 articles were included in the review, see Figure 1 . The articles were published in 37 different journals from eight different fields. The most common field was medicine, Figure 2 . The articles were from 12 different countries. The most common country was the US, Figure 3 .
Study settings
The most common setting for studies was the home (55 or 85%). Eight studies were conducted in hospitals or clinical settings (12%), and two were at senior-living communities (3%).
Fifteen articles (23%) examined the use of telehealth specifically for rural caregivers. These studies were from the US (Ohio, Illinois, Missouri, California, Washington, Alaska, Montana, Idaho, Texas, and Oklahoma), [10] [11] [12] [13] [14] [15] [16] Canada (Ontario, and British Columbia), [17] [18] [19] [20] Australia (Queensland), [21] [22] Sweden, [23] [24] and Ireland. 25 They found that telehealth significantly improved the outcomes for caregivers who lived in rural areas.
Study design
The study designs were 19 RCTs (1b) (29%), 33 non-RCTs (pilot, feasibility, comparison, quasi-experimental, and pre-and post-test design) (1c) (51%), one secondary analysis (2b) (2%), 11 evaluation studies (2c) (17%) and one case study (3b) (2%). The level of evidence from these studies ranged from high (1b) to medium (3b).
Sample and sample size
Forty-one articles (63%) recruited only caregivers to test the effect of telehealth technologies, and 24 articles (37%) included both patients/providers and caregivers to measure the effect of telehealth on them.
Thirty-three articles (51%) focused on family caregivers of adult and older patients, while 32 articles (49%) focused on parental caregivers of paediatric patients. The types of patients varied, including patients with chronic disease or disability (Alzheimer's disease, AD), 26-28 dementia, 11, [29] [30] [31] [32] [33] cancer, [34] [35] [36] stroke, 20, 37, 38 heart disease, [39] [40] [41] spinal cord injury, 42 brain injury, 17, 43 chronic disease 16, [44] [45] [46] ) (38%), mental illness (schizophrenia) (3%), 25, 47 end-of-life care (5%), [48] [49] [50] and home or community-dwelling older adults (5%). [51] [52] [53] Parental caregivers were mostly of paediatric cases including new parents after childbirth (5%), 23, 24, 54 parents of premature or low birth-weight infants (3%), 55,56 of children with chronic disease 18, 57, 58 or disability (asthma, 13,59-62 renal disease, 63 heart disease, 64 diabetes, 65, 66 obesity, 14 brain injury, 10 hearing loss 22 and autism 12,67 ) (26%), of children with mental or behavioural disease (psychiatric disorders, 15, 19, 68 attention-deficit hyperactivity disorder (ADHD), 69, 70 and oppositional or disruptive behaviour 21,71,72 ) (12%), of children in end-oflife care (2%), 73 and of preschool children (2%). 74 Twenty articles included more than 100 participants (31%), 13 included 50-100 participants (20%), 25 included 10-50 participants (38%) and seven articles included less than 10 participants (11%).
Technology utilization and interventions
The telehealth technologies used in the studies included: video (videoconferencing or videophone) (40%) ( Table 1 , see online archive), 10, [13] [14] [15] [16] [18] [19] [20] [22] [23] [24] [25] 30, 35, 42, 43, [48] [49] [50] 54, 55, 57, 58, 62, 64, 69 telephone-based (phone call or text message) (31%) ( Table 2, see online archive), 11, 17, 21, 26, 27, [32] [33] [34] 37, 39, [44] [45] [46] [47] 60, 65, 66, 68, 72, 74 web-based information (18%) ( Table 3 , see online archive), 12, 36, 38, 51, 56, 59, 61, 63, 67, 70, 71, 73 and telemetry/remote monitoring (electronic data collection) (11%) ( Table 4 , see online archive). 28, 29, 31, 40, 41, 52, 53 Video was the most commonly-used technology.
There were six main categories of interventions delivered via technologies: education (37%), consultation (including decision support aid) (37%), psychosocial/ cognitive behavioural therapy (including problem solving training) (35%), social support (23%), data collection and monitoring (20%) and clinical care delivery (11%). 15 designed an interactive videoconferencing tool for children with psychiatric disorders and their parents who lived in rural areas to provide consultation and management services. Overall, the parents were satisfied with their children's care. 15 3. Psychosocial/cognitive behavioural therapy. Taking care of patients with dementia or children with behavioural problems requires specific care-giving skills or parenting training. Psychosocial therapy can help caregivers examine their thoughts and improve their caregiving skills. Telephone is a feasible technology to deliver distance coaching. Wilz et al. delivered therapeutic sessions via telephone for three months and the caregivers achieved complete or partial goal attainment. 33 Problem-solving training is one kind of the psychosocial therapy. Caregivers face many different challenges and decision-making on difficult choices when taking care of patients. Caregivers can learn how to cope with problems and make better decisions through problem-solving training. Videoconferencing and telephone are the main technologies used to to deliver problem-solving training. In the study of Demiris et al., 49 the researchers and hospice caregivers identified the caregivers' concerns and problems; the researchers and caregivers then practised problemsolving skills via videoconferencing to solve the problems. The caregivers reported that they were satisfied with the interventions, as well as experiencing lower level of anxiety and slightly higher quality of life (QOL). 49 4. Social support. Long-term caregiving and parenting are physically and mentally demanding. Telehealth can serve as a platform for caregivers to obtain support from providers or exchange experiences with other caregivers. In two studies, 23, 24 the researchers organized regular group meetings via videoconferencing for new parents to share their caregiving experience. As a result, participants reported that they experienced more social support. 23,24 5. Data collection and monitoring systems. Monitoring was commonly used, especially for older adults with dementia or living alone. In the study of Chou et al., 29 the units of a home monitoring system designed for dementia patients included a 24-hour response centre, personal wireless pendants, fall detectors, bed and chair occupancy sensors, and property exit sensors. The system provided roundthe-clock care management and safety checks for dementia patients and their caregivers, which decreased the caregivers' uncertainty and sense of isolation effectively. 29 In addition, as older adults frequently require emergency care, telemetry can be used to support emergency care and home care for older adults. In the study of Shah et al., 53 certified telemedicine assistants used an electronic stethoscope, electrocardiograms, a high-resolution camera and a web camera to collect older adults' data in home visits. All information collected was captured in an electronic medical record for review by the provider to facilitate efficient and effective cares. 53 
Clinical care delivery. Constantinescu 22 conducted
the Auditory-Verbal Therapy programme for children with hearing loss via weekly PC-based videoconferencing between the therapist and the parents and their children. The participating therapists and parents were satisfied with the care delivery programme. 22 Outcomes Sixty-two articles (95%) reported that caregivers had significant improvements in outcomes. The outcomes included enhanced psychological health (less anxiety, depression, stress, burden, irritation and isolation) (44%), higher satisfaction/confidence/preference/comfort/use with telehealth (38%), improved caregiving knowledge/skills/patient management (20%), higher QOL (12%), more social support/social function/need met (14%), improved coping/problem solving skills/goal attainment/decision-making (8%), better communication with providers (5%), more cost saving (5%), enhanced physical health (2%) and productivity (2%). Three articles (5%) reported that the caregivers did not have significant improvement nor differences in satisfaction post-telehealth intervention compared to the control group. 14, 61, 73 The main limitations were small sample size or data collection problems. Gustafson et al. 61 conducted a large scale RCT with 301 parent-child dyads and reported that monthly nurse case management via telephone calls did not significantly improve the children's asthma control and parents' self-efficacy and information competence. Limitations noted by the authors included: the participants were not blinded and self-reported questionnaires were not reliable. 61 Mulgrew et al. 14 compared the effects of delivering patient-centred counselling for childhood obesity face-to-face with delivery via videoconferencing. The parents' satisfaction was not significantly different between the groups. The authors acknowledged that the sample size (n ¼ 25) was too small to detect satisfaction between groups. 14 Bradford et al. 73 did not find differences in parent's QOL between a paediatric palliative telehealth group and a control group, due to a small sample size (n ¼ 14) and the high mortality rate among children with terminal illness. 73 
Discussion
More than 95% of the studies in our review reported significant improvements in the caregivers' outcomes and that caregivers were satisfied and comfortable with telehealth. Although three controlled or comparative studies did not show significant differences in outcomes or satisfaction, they indicated that the effect of telehealth was similar to conventional face-to-face care. The review showed that telehealth tools can enhance care not only to patients but also to family caregivers. As caregivers take care of a loved one, they may benefit from increased and more efficient communication with health care providers or other caregivers, as well as from access to tailored information. Approximately 60% of the papers in the review included only caregivers as participants, which suggests that more attention has been paid to caregivers' health, QOL and satisfaction than before. The review showed that the role of telehealth in supporting family caregivers has been examined to some extent. However, further research needs to be done to examine cost-effectiveness and identify the most effective telehealth technology for caregivers.
The studies in the review came from 37 different journals, a range of disciplines and from 12 countries. The results are likely therefore to be generalizable. Of the 65 identified intervention studies, only 19 were RCTs. The others were comparative studies, quasi-experimental studies, pre-and post-test, feasibility studies, pilot studies, a case study, a secondary analysis and evaluation studies. Although many of the studies had a low level of evidence strength, their findings provide valuable considerations for the design of future experimental studies.
More than 80% of the studies delivered interventions for family caregivers at home and 23% of the studies were conducted for caregivers living in remote or rural areas and brought significant improvements in the caregivers' psychological health and QOL. This suggests that telehealth can provide efficient care and save travel costs for caregivers of patients who need long-term care and monitoring.
The articles identified in the review covered a wide range of caregivers (ranging from paediatric to geriatric patient populations, with a broad range of diagnoses and symptom management needs). In paediatric cases, most studies focused on caregivers with children who had chronic or behavioural diseases such as asthma, renal disease, heart disease, type 1 diabetes, obesity, ADHD, oppositional and disruptive behavioural problems. Hence, education, consultation and cognitive behavioural therapy were the most common interventions for parental caregivers. They learned health education and received professional consultations and coping training remotely. In adult and geriatric cases, most of the studies were conducted with the caregivers of patients with dementia, AD, cancer, stroke, heart disease and hospice patients. Psychosocial therapy was the most common intervention to encourage caregivers to change their mentality and behaviour in caring for the patients. Also, some studies focused on older adults living in a community or alone, and telemetry and remote monitoring shared caregivers' workloads and relieved caregivers' stress. This demonstrates that various technologies can be tailored to support monitoring and communication in different settings involving various stakeholders.
The most common technology used was videoconferencing which allowed patients and caregivers better access to healthcare providers. Such real time interactions can support the delivery of various cognitive behavioural or educational interventions to patients and families.
The use of technology can enhance the caregiving experience and facilitate shared decision making, where patients and their families are actively involved in the care process and participate in the decision making process. In various settings such as in paediatrics or in hospices, family caregivers are called upon to make decisions or act as proxy for the patient. In such cases, the availability of tools that facilitate access to information and/or support services is important. The present review demonstrates that it can positively affect chronic disease care, home and hospice care.
